An error has been found in the calculation of Aggarwal, Berrington, & Keenan, made in 1990, due to a mistake in the term coupling coefficients used to transform the collision strengths to intermediate coupling. The 190 fine-structure transitions among the \s 2 2s 2 2p 2 , \s 1 2s2p 2, and \s 2 2p A configurations of Ca xv are therefore corrected and retabulated. Major differences between the R-matrix calculation of Aggarwal et al. and the distorted wave method of Dere et al. have now been resolved though minor differences still remain. The effective collision strengths obtained after averaging the collision strengths over a Maxwellian distribution of electron velocities are also presented in the temperature range below 10 7 K. About half of the transitions, reported earher, need significant corrections. The differences between the R-matrix and distorted wave effective collision strengths can be up to one order of magnitude in some transitions, e.g., 2s
INTRODUCTION
In a recent paper (Aggarwal, Berrington, & Keenan 1990 , hereafter Paper I ) we reported the effective collision strengths T for 190 fine-structure transitions among the states of the \s 2 2s 2 2p 2 , \s 2 2s2p 3 and \s 2 2p* configurations of Ca xv. These were obtained from the HF + 2/? 4 wavefunctions used in the R-matrix program of Berrington et al. (1978) . Explicit configuration interaction (Cl) with pseudo-orbitals was ignored, assessing their contributions to be insignificant, but relativistic effects ( for spin orbit interaction, mass correction, Darwin term, spin-other orbit and spin-spin terms) were included through the term coupling coefficients (TCC) as defined by Jones (1975) and used in the program JAJOM of Saraph (1978) . However, a comparison made for the collision strengths Í2 obtained earlier by Dere et al. ( 1979) using similar wave functions but in a different collision approach, viz., the distorted wave (DW) method of Eissner, Jones, & Nussbaumer ( 1974) showed a good agreement for most of the transitions but a marked difference of up to two orders of magnitude for some of the transitions especially those with a change in spin and parity. For a highly ionized system like Ca xv ( 14 times ionized) the two different theoretical approaches, viz., R-matrix and DW should, in principle, yield comparable results particularly when similar wavefunctions have been used. Such a large difference between the two sets of Í2 was, therefore, contrary to our experience on other similar systems and we had no explanation at that time (Paper I).
We now know that there was an error in the calculation of Paper I. This error arose in our evaluation of the term coupling coefficients (TCC), used to transform our LS coupling collision strengths to intermediate coupling. The TCC are constructed by a matrix multiplication of two sets of eigenvectors (one set arising from a diagonalization of the target Hamiltona Postal address: Department of Physics and Astrophysics, University of Delhi, Delhi-110 007, India. ian in LS coupling; the other set from a diagonalization in intermediate coupling) (Jones 1975) . We mistakenly reversed the sign of some of the original eigenvectors in order to make positive the diagonal elements of the resultant matrices. Thus the eigenvectors used in the evaluation of the TCC were not strictly the same as those used as Cl coefficients in the R-matrix collision calculation. So although the LS coupling collision strengths in Paper I would have been correct, the transformation to fine-structure collision strengths Q led to errors.
The corrected values of Í2 for the fine-structure transitions reported in Table 2 of Paper I are therefore retabulated and compared with the earlier available DW collision strengths. The effective collision strengths T obtained after integrating Q over a Maxwellian distribution of electron velocities are also tabulated in a temperature range below 10 7 K suitable for astrophysical applications.
COLLISION STRENGTHS
The details of the method employed and the wavefunctions used are given in Paper I. However, to recapitulate, these calculations are in the LS coupling scheme among 12 states belonging to the \s 2 2s 2 2p 2 , ls 2 2s2p 3 , and ls 2 2p 4 configurations of Ca xv. The Hartree-Fock wavefunctions with internal CI, i.e., HF + 2p 4 have been used in the R-matrix program of Berrington et al. (1978) . The R-matrix boundary radius was chosen to be at 2.9 au and the coupled differential equations in the outer region (r > 2.9 au) were solved using the recently developed STGF program of Seaton as described by Berrington et al. (1987) . All partial waves with angular momentum L < 10, of singlet, triplet, and quintet spin multiplicities, and of both even and odd parties were included, and the calculations for Í2 were made at 1029 impact energies in a wide range of 0-100 Ryd. The collision strengths Ü for the fine structure transitions were obtained by converting the K-matrices from LS coupling to intermediate coupling scheme using the JA-JOM program of Saraph (1978) . The partial wave range in the 442 AGGARWAL, BERRINGTON, & KEENAN intermediate coupling was restricted to /< 15/2 (it has now been increased to / < 19/2) because of the triangular relations between L and S. However, a "top-up" was included to account for the contributions of / > 15 / 2 for the allowed transitions. Additionally, in the energy range above the thresholds, i.e., 11.71-100 Ryd the contribution of relativistic effects (for spin orbit interaction, mass correction, Darwin term, spinother orbit and spin-spin terms) was included through the term coupling coefficients (TCC) as defined by Jones ( 1975) . Thus Í2 for 190 fine-structure transitions belonging to 20 fine-structure levels, Usted in Table 1 along with their theoretical threshold energies, were computed and reported at three energies, i.e., 15, 30, and 45 Ryd in Paper I.
A comparison between the AE-matrix and DW Í2 (Table 2 of  Paper I) showed a strong disagreement of up to two orders of  magnitude for some of the transitions and particularly for  2s  2 2p  2 3 P 0 -+2s2p   3 . This happened, unfortunately, due to our error in computing the TCC as discussed in § 1. Thus the TCC reported in Table 3 of Paper I are wrong and their correct values are now fisted in Table 2 . The index used to define a state is already given in Table 1 as Index 1. This had a significant effect on the computed values of Q and the new corrected collision strengths are now fisted in Table 3 Table 3 are different for almost all transitions reported earlier in Table 2 of Paper I, the error in Q varying 10% to two orders of magnitude depending on the transition and the incident energy, with transition involving J = O e levels being the worst affected. We find a much better agreement now between the two independent calculations, i.e., R-maXrix and DW. For most of the transitions the agreement is Dere et al. ( 1979) at Electron Impact Table 1 for the index used to represent the states of a transition. The values for the (1-5) transition should be divided by a factor of 10 to have the correct magnitude.
better than 15%. Eight transitions (2-6, 13; 3-6; 4-6, 7, 8, 12, 14) show a disagreement of up to 50% and three transitions (3-7, 4-11 and 5-7) differ up to a factor of 3 with the present results being invariably higher. These differences may arise due to the different treatment of high partial waves as all of these are allowed transitions in the intermediate coupling scheme.
EFFECTIVE COLLISION STRENGTHS
Effective collision strengths are obtained after integrating in the entire energy range over a Maxwellian distribution of electron velocities. These are a dimensionless quantity and are directly involved in astrophysical and solar applications through the excitation and de-excitation rate coefficients. Since ß is a highly varying function of electron impact energy exhibiting resonances throughout the threshold energy region, the computations need to be done at a number of impact energies over a fine energy mesh particularly near the thresholds.
The computed values of T are listed in Table 4 for all the 190 fine-structure transitions belonging to the 20 fine-structure levels defined in Table 1 . The index used to denote the states of a particular transition is already given in Table 1 as Index 2. The T are listed in a temperature range of 10 6 -10 7 K. Most of the values tabulated here are different than those published earlier. This happened due to an error in our understanding and computing the term coupling coefficients as mentioned in § 1. However, a large number of transitions (99 in total) require a very small adjustment (up to 10% only) but are listed here in order to avoid any confusion with the earlier results. Among the rest of the transitions, 42 were in error below 20%, 17 between 21%-40%, 7 between 41%-80%, and 25 by more than 80% (and up to over a factor of 100). As can be seen by comparing Table 4 with Tables 5-10 of Aggarwal et al. ( 1990 ) , these latter transitions are mainly associated with J = O e levels (i.e., 1, 5, 16, and 20). Dere et al. ( 1979) did not report the values of T. However, based on their values of ß we have calculated T in the same temperature range as given in Table 4 . As discussed in the previous section the two sets of ß agree reasonably well at high energies but due to the presence of resonances in our calculations we normally expect higher values of T from the present R-matrix computations than those from the DW method. We show the comparisons for 10 transitions only in Figures la-1 Dere et al. ( 1979) , open circles: ( l-1), filled triangles: (2-8) and filled circles: (2-11) transition.
sition is an order of magnitude greater in the R-matrix calculation than in the DW calculation. This large difference is due to the following three reasons: (1) ft (RM) is greater than ft (DW) by more than a factor of 2 (see Table 3 ), (2) ft (RM) is increasing at higher energies (as it should because it is an allowed transition in the intermediate coupling scheme) whereas ft (DW) is decreasing with the increase of energy thus widening the disparity between the two ft-values at higher energies, and ( 3 ) the RM calculations for T include resonances which cannot be included from the limited data of DW calculations. Each of these factors contribute nearly equally to make T (RM) greater than T (DW) up to an order of magnitude.
The contribution of resonances is usually higher the lower the temperature, as expected. But here are a few transitions for which the present T are lower than those from DW and to illustrate we compare in Figure 2 , the R-matrix and DW T for three of these transitions only, viz., 1-7, 2-8 and 2-11. However, as the temperature increases the two sets of effective collision strengths come closer to each other.
In Figure 5 of Paper I we showed the comparison of T obtained from different approximations for transitions from the \s 2 2s 2 2p 23 Figure 3 here. Shown in this figure are the earlier Cl R-matrix results of Aggarwal ( 1983 ) at temperatures below 5 X 10 5 K, our present R-matrix results obtained with TCC but without Cl at temperatures above 10 6 K and the test calculations obtained without Cl or TCC in the entire temperature range. With the exception of the 2p 2 3 P-2 p 4l D transition, it appears that the earlier Cl results at lower temperatures can be smoothly joined with the present TCC results at higher temperatures. However, for the 3 P-1 D transition the effect of Cl is to decrease the values of T, whereas the effect of TCC is to increase it thus widening the gap between the two calculations. Similarly the importance of TCC for the 1 D° and l P° transitions is particularly noteworthy in which cases the effect is to increase the value of Q and hence of X. On the other hand, Cl appears to be very important for the 5 *S° and 2p 4 l S transitions in which cases T is significantly lower at lower temperatures in comparison to the non-CI results. Thus in conclusion, the earlier Cl R-matrix calculations of Aggarwal ( 1983) are still the best available at lower temperatures, but the present TCC calculations at higher temperatures are to be preferred.
CONCLUSIONS
The collision strengths for the fine-structure transitions among the 20 fine-structure levels belonging to the \s 2 2s 2 2p 2 , \s 2 2s2p 3 and \s 2 2p 4 configurations of Ca xv which were reported earlier (Paper I) are found to be in error due to a mistake in the computations of TCC. These values of have now been corrected and tabulated for some of the transitions in the energy range of 15-45 Ryd. There is a good agreement, in general, between the present AE-matrix and earlier DW calculations though some differences still remain as highlighted in § 2. Both the calculations have used Hartree-Fock wavefunctions with internal Cl and the relativistic effects have been included through the same treatment using the JAJOM program of Saraph (1978) . But the collision approaches are different and independent and should, at energies above the threshold region, provide similar results for a system like Ca xv which is comparatively highly ionized.
The effective collision strengths which were also reported are obviously in error for the same reason and hence, have now been corrected and retabulated. Though Q largely agree with the DW results yet T in present calculations are higher, in general, for most of the transitions. This difference of up to one order of magnitude for some of the transitions is largely due to the inclusion of resonances rather than the differences in the colliding approaches. An analysis made for the line intensity ratios in solar flares and tokamak plasmas (Keenan et al. 1988a,b) using the earlier data of X of Aggarwal et al. ( 1990) showed an excellent agreement with the observational data. We have redone that analysis using the present corrected X and find an excellent agreement (within 10%) with the line intensity ratios published earher (Keenan et al. 1988b ). This is because the differences between the present and earlier values of X cancel out. Therefore, the conclusions drawn in that paper (Keenan et al. 1988b ) remain valid.
